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(54)Tlfle: HEAT INSULATING PAPER CUPS 



(57) 

A heat insulating paper cup having an 
improved seal. The cup (1) can include a body 
member (3) having an inside surface and an 
outside surface, and a bottom panel member 
(6) having an upper surface (7) and a bottom 
surface (8). The body member comprises a 
paper sheet (2) wliich is coated (or in some 
instances partially coated) on its outside surface 
with a heat insulating layer of foamed low density 
polyethyloie (4) and on its inside surface with 
an unfoamed modified low density polyethylene 
(5). The bottom panel member (6) is coated on 
its upper surface with a foamed or an unfoamed 
low density polyeAylene or foamed or unfoamed 
modified low density polyethylene (7). The 
body member (3) and bottom panel member are 
oriented and joined to foim a heat seal at an 
interface between a portion of the unfoamed 
modified low density polyethylene coated on ttie 
insicte sur£ace (5) of the body member and a 
portion of unfoamed low density polyeftylene 
or unfoamed modified low densi^ polyethylene 
or unfoamed modified low density polyethylene 
coated on ttie upper surface (7) of the bottom 
panel (6). 
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HEAT INSULATING PAPER CUPS 



BACKGROUND OF THK TNVKNTION 
This invention relates to heat-insulating paper containers, and more particularly to 
heat-insulating piqper ciq>s used for coffee and o&er hot or cold beverages. 



Sevoial types of heat-insulating caps have been used commercially for hot and cold 
liquids. Examples include the wide variety of existing polystyrme foam ciqjs. These cups 
are typically made by adding a foaming agent to a polystyrene resin, casting ibe mixture 
into a mold, heating flie resin under pressure to foam it, and removing the shaped article 
10 fixjmttiemold. Such ciq>s have outstanding heat-insulating properties, but require a lot of 

energy to make, and are costly to dispose of in an raivironmentally accq)table way. 



A variety of paper-based cups have been propose as environmentally acceptable 
alternatives to polystyrene containCTS. Unfortunately, most attempts to produce paper- 

1 5 based heat-insulating cups have proved costly due to the complexity of their 

manu&cturing processes. One example is a cup where the side wall is surrounded by a 
corrugated heat-insulating jacket. Its process for manufacture involves additional st^s of 
forming tiie corrugated paper jacket and bonding it to the outer surface of the side wall of 
the cup. These cups, however, have proved to be aesthetically umqjpealing and 

20 structraally defidenL In fins regard, only the ridges offhecoirugated jacket contact the 

bod^ of Uie papa caxp in such a way that the bond between the two is so weak liiat flie cup 
and jacket easily separate. Also such cups are iK>t easily nested making storage difBcult 

Another type of insulating paper cup is that where the cup has a dual cup structure. 
An iimer cup is given a different taper than an out«- cvp to form a heat-insulting air layer 
25 in between the two cups. The two cups are integrated by curling their respective iq>p«- 

edges into a brim. The dual structure adds to maraufocturing costs, and the two cups of the 
structure are prone to squration. 
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One of the mosit widely acc^ted types of heat-insukting p^er-based cups include 
fliose dracribed in U.S. Patent No. 4,435^44, and also referred to in U.S. Patrait No. 
5,490,631. Those caps have good insulting properties and can be prepared at a relatively 
low cost. Such cups are febric^ed fiom a body m^ber and a bottom member, both cut 
5 framap^ensbeet 

For the cups draaibed in the aforranentioned U.S. patoits, one sor&ce of the body 
member is coated or laminated witii a thermoplastic synth^c resin film, and the other 
surface of the body member is coated or laminated with the same or differait 
thermoplastic synthetic resin fihn or an aluminum foil, to thereby foam the thennqplastic 
1 0 syn&etic resin film and form a heat-insulting layer on at least one surface of the container, 

i.e., the outer surface. Water present in the paper is vaporized upon heating during 
processing, causing the thermoplastic resin fihn on the outer surface to foam. 

Connnercial versions of ciq>s pr^ared according to U.S. Patent No. 4,435,344 
include a body member and a bottom panel member. The body meniber comprises a 

15 paper sheet coated or laminated on one side with a foamed heat-insulating layer of low 

density polydhylene which entirely covei:^ its outer surface. The inner surface of the body 
member is covered with an unftnmed fihn of high density polyethyloie. The bottom 
panel monber is lammated on its inner or upper surface with low density polyeAylene 
film. The inside surface of the body member, and the inside surface of the bottom m^ber 

20 are coated to prevent penetration ofliquid contents into the p^er sheet during use. The 

inside surface of the body member is also coated to ensure that the water in the paper will 
not ev^orate directly into the air atmosphere during heating of the fabricated cup. 

For tiiese commocial ciqjs, the fihn to be laminated on the inner sur&ce of the 
body member is bi^ density polyefltylene because it has a higfher softening point than the 
25 low dmsity polyethylene film on the outer sur&ce. Upon heating durii^ fabrication, the 

moisture inherently |sresent in p^>6r sheet serves as the foaming agent for the outo- surface 
layer of low doisity polyethylraie fihn. The high density polyethylene on. the inside 
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surfece of llie body member will not foam under febrication conditions but serves to seal 
the intoior of the ci^ thus preventing an escape of the moisture necessaiy to foam the low 
draisity polyethylene on Has outer sor&ce of the ciq>. 

A significant drawback of the aforementioned cups is that they are difficult to 
5 adequately seal whrai febricated under desirable commercial conditions, i.e., high cap- 

forming machine speeds. When assembling such caps using conventional ctq)-forming 
machines, the bottom panel mranber and the body member are oriented in such a way that 
upon folding, heating and sealing the body member inner layer of high density 
polyethylene and the unfoamed polyetiiylene inner layer of the bottom panel manber are 
10 in contact Aiq)Iicants have found that whai fabricated under high cup-forming machine 

speeds leaking occurs at this juncture between inner layer of high density polyethylene of 
the body member, and the unfoamed polyethylene inner layer of the bottom panel member. 

One object of the invaition, therefore, was to develop a heat-insulating paper cup 
which does not leak when fabricated under high cup-forming machine speeds. While 

1 5 numerous exotic solutions could be envisioned involving a redesign of the cup stiucture 

and/or ciq>-forming machines, it was a fiirtha- object of the invention to develop such a 
cup which could be &bricated still using conventional and existing ciq>-foiming machines, 
hi this F^ard, it was also an object of the invention to address tiie leaking problem while 
maintaining as many of the conventional operating conditions and materials as possible 

20 tiiereby avoiding extensive redesigns of existing mass production operations for 

commercial cxxps. 

SUMMARY OF THE TNWNTiniV 
Applicants have surprisingly found wapmved seals for the bottoms of heat 
insulating p^er cups at die seam v/bexe the body member and bottom panel member are 
25 joined during Mffication. These seals include a portion ofthe bottom panel member p^>er 

^eet laminated with low density polyethylene oriented in such a manner to contact the 
inner layer of the body member coated with a modified low density polyethylene. Upon 
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the qjplicadcm of heat and pressure during fabrication, the two different laminated low 
density polyediylenes interact to fonn an effective bonding lays- at the inter&ce between 
thetwomembos. 

Accordingly, the invention is directed to a heat insulating paper cup having an 
S in^rovedseal. In an additional embodimoit, die ciqi includes a body member having an 

inside sadace and an outside sur&ce, and a bottom panel member having a upper sur&ce 
and a bottom sur&ce. The body member is coated (or in some instances partially coated) 
on its outside sur&ce witfi a foamed low density polyethylene, and on its inside sur&ce 
with an unfoamed modified low dmsity polyediylaae. The bottom panel member is 

1 0 coated on its upper suiftce with an unfoamed low density polyeOiylene or unfoamed 

modified low doisity polyethylene. The body memba- and bottom panel meanber are 
oriented and joined to form a heat seal at an interface between a portion of the unfoamed 
modified low density polyethylene coated on the inside surface of the body member and a 
portion of unfoamed low density polyethylene or unfoamed modified low density 

15 polyethylene coated on the upper surface of the bottom panel member. The modified low 

draisity polyethylene is a low density polyethylene modified in a manner effective to 
provide an improved seal between the bottom panel member and the body member of a 
cup when ftbricated at a speed of at least 165 cups per minute for a 12 ounce cup by a 
HORAUF MODEL BMP-200 madiine, made by Michael Horauf Maschinenfabrik 

20 GMBH AND Co KG, with temperature controls set at between about 350" to about 460°C 

and a bottom expansion pressure set at about 3000 kilopascals for two revolutions per cup. 

An improved seal is a relative characteristic, and for purposes of this invention it is 
intended to be relative to seals in cups made in the same way except using an inside 
surface ofthe body member coated with 100% hi^ density polyethylene. When mass 
25 producing cups accordiiig to the present invention an improved seal can be obtained using 

conventional cup-forming machines. When making 12 ounce cups using the HORAUF 
MODEL BMP-200 (with temperature controls set at between about 350° to about 460 °C 
and a bott(Hn eiqiansion pressure set at about 3000 kilopascals for two revolutions per 
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cxtp), for exanq)le, sealing can be obtained at higher than normal fabrication speeds such as 
more than about 1 65 caps per minute, prefeaably even about 200 cups/minote or more, 
which is at least comparable to that obtained with 100% high doisity cups made at slower, 
more convaitional speeds such as about 165 cups per minute or less. For 12 ounce cups 
5 according to the present invoition &bricated using the HORAUF MODEL BMP-200 (with 

temperature controls set at betwerai about 350° to about 460°C and a bottom expansion 
pressure set at about 3000 kilopascals for two revohitions per cap), at slower speeds such 
as about 165 cups per minute or less, tfaoe can be a reduction in the number of leaking 
cops. 

10 The modified low drasity polyethylene may be a polyethjdene blaid containing 

low density polyethylene in an amount effective to provide an improved seal between the 
bottom panel member and the body member of a cup, and an amount of high density 
polyethylene or other polyethylene such that the modified low density polyethylene(s) will 
not foam under conditions of about 240"? to about 270°F and a residence time of about 

15 1 .5 to about 2.5 minutes, when die cup is subjected to the foaming operation in a forced 

hot-air ovoi. 



gRIEr PESCRimON QF THE DRAWING 

FIG. 1 is a an^Iified aross-section of an example of a heat-insulatmg paper cup 
according to the invention. 

FIG. 2 is an enlarged section of the seal region between the body member and 
bottcnn panel member of &e cap of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMRNTR 
The invention providi^ a heat-insulating pi^er cup &bricated fixmi a body mraiber 
of p^er having an inside surfoce lamina of a polyed^lene component effective to 
prevent penetration of liquid into tiie pi^ during use and an outside sur&ce laminate of 
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beat insolating foamed low doisity polyeftylene, said body member bonded to a bottom 
panel member having a i^iper sm^ce and a bottom sur&ce, wherein the joined portions of 
the said bottom panel member and body member form an improved seal in a cup when 
fabricated at a speed of at least 165 cups per minute for a 12 ounce cup by a HORAUF 
5 MODEL BMP-200 machine, made by Michael Horauf Maschinenfabrik GMBH AISED Co 

KG, with tempoature controls set at between about 350° to about 460 °C and a bottom 
^q>ansion pressure set at about 3000 kilopascals for two revolutions per cap. 

As noted above, FIG.l is a simplified cross-section of an example of a heat- 
insulating paper cup according to the invention. The cup geno^ly indicated by 1 includes 
a body member 3 and a bottom panel membo- 6. The body member 3 comprises a paper 
sheet 2 laminated on one side with a heat-insulating layer 4 of low density polyethylene 
which entirely covers its outer sur&ce. The iimer surface of the body m«nba- is covered 
with an unfoamed film 5 of modified low density polyethylene. This inner lining 5 of 
body member 3 provides a seal to prevent the penetration of liquid contents into the p£q)er 
during use, and, of equal importance, ensures that the water in the p^er will not evaporate 
directly into the air atmo^here when the cup is heated during the foaming opoatioiL If 
the inside of body monber 3 has not been sealed by an iimer laminate, water will 
evaporate through the inside of the cup upon heating, resulting in a foaming fidlure of the 
outer sur&ce polyethylene fihn. It is the moisture inherently present in paper sheet 2 
which serves as the foaming agent for the outer surface layer of polyethylene fifan. 

The iimer or upper surface of the bottom panel member 6 preferably will be also 
laminated with a low density polyethylene film 7, although it may also be laminated with a 
modified low density polyethylene fihn like the inner surface of the body manber. This 
serves to prevent penetration of the liquid contents of the cup into the paper sheet 8 during 
25 use. Preferably, only the inside sur&ureofthe bottom panel monber 6 is laminated, when 

it is not important to prevent evaporation of moisture fixmi piq>er sheet 8 of the bottom 
panel member 6 durii^ the foaming operation. In fact it is desirable to allow evaporation 
(^moistiffe fimn papa sheet 8 v^en it is not desired to foam 1bs inside of bottom panel 



15 



CA 02262458 1999-02-02 



098«S281 I>CTAJS98n0931 



member 6. Just like Ok low density polye&ylene film oia the outer surface of body 
monber 3, the low dcaisity fihn on the inside of bottom panel member 6 could foam if 
sufficient moisture was blodced by a backing layer on the outside of the bottom panel 
member 6. 

S As noted above, one object of the presrait invoition was to provide a heat- 

insulating paper cup with improved sealing properties, which could nevertheless be 
prepared using mostly cost effective materials and machineiy . In this regard, low density 
polyethylene is less expasive than high density polyethylene. Thus, using a modified low 
density poiyettiylene containing a predominate proportion of low density polyethyloie 
10 (rather than 1 00% high density polyethylene) on the inside surface of the body member is 

an attractive alternative bom an economic standpoint 

The heat-insulating cup can be fabricated by means of conventional cup-forming 
machines, such as the HORAUF MODEL BMP-200 machine, made by Michael Horauf 
Maschinen&brik GMBH AND Co KG. First, the outer surface of a pzper sheet for the 

1 5 body monber can be extrusion-laminated with a film of low density polyethylraie. The 

inner surface of the paper sheet is laminated with a modified low density polyethylene. A 
pajper sheet for making the bottom panel member is also laminated with a low density 
polyethylotie (or a modified low density polyethylene), on one side. A blank is cut &om 
each of the paper sheets. Using a conventiDnal HORAUF cup-fisrming machine, the two 

20 blanks are fabricated into a container, with the blank for the bottom panel member oriented 

in such a way that the film laminated side faces upward. The bottom panel membra- and 
body mranber are joined and heat sealed by applying heat and pressure to form the bottom 
ridge of the cup. Pressure is applied by an expansion roller on the inner bottom rim of the 
cup. It is prefmed that the expansion roller be adjusted to make two revolutions per cup. 

25 These ci^s can be &bricated on automated HORAUF machines at speeds of about 1 65 

cups per minute or more, preferably at least about 1 80 cups per minute, and more 
preferably about 200 casps per minute or more, for 12 ounce caps. 
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A Ilius-&bricated cap is fhai subjected to a heat treatment in order to cause 
moisture in the papex to vaporize, softrai the low density polyeftylene, and foam &e outer 
surface of the body member. The cups can be heat-treated by being conveyed through an 
oven. The conveyance of the cups through the oven can be performed by laying the cups 
5 en masse usually onto a metal conveyor belt, the cups being in an inverted state, i.e., 

supported on thrar lims. Pins can be used to hold the ciq}s in place. 

There are numerous modificatitms to the basic process which have beoi 
c(»iteinplated or used. For example, one or more bottom preheaters have been used , fte 
cup bottom can be installed into the cup after the sidewall heat is applied and sealed by 

10 qyplying heat through the skirt of flie bottomstock, and pins can be used during transport 
through flie oven which hold the cup at the top of the curl of flie cup. This latter 
modific^on is particularly advantageous because thrae is improved cup control dming 
transfer from cup fabrication to the pins, and the occurrence of bottomstock polyethylene 
sticking which may result from excessive direct contact of the pins to the bottomstock is 

15 nunimized. 

The thicknesses of the films to be laminated on the body member and bottom panel 
membos of cups according to the invention are not limited to any particular values. 
Howevor, the thickness of the low density polyetlylene on the outer surfece of the body 
manber should be of sufiScient thickness to provide a desired thickness of heat insulting 
20 foam. Suitable thicknesses for such fihns can be from 25 to 60^. The thickness of &e 

films to be laminated on the inner surfaces of the body member and the bottom panel 
member need only be so thick as to be sufficient to ensure resistance to liquid permeation 
during use. The inside laminate should be of sufficient weight (e.g., 10 lb/ream) to prevent 
staining through the cup sidewall. 

25 The p2q)er sheet used to prq>are cups according to the invention can be those 

conventionalty used to prq>are cups of this type. Tbsy prcfiaably have basis weights in 
the range of 100 g/m^ to 400 g/m\ It is also preferable that the piper dieets have a water 
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content of from about 3% to about 10%. 

The heating time and temperature for the foaming operation can also be those 
conventionally used. For example, the temperature can vary from about 240°F to about 
270°F, and flie heating time can vary from about 1.5 minutes to about 2.S minutes. 

5 Any conventional heating means sudi as hot air, electric heat or microwaves can be 

used. Heating by hot air or electric heat in a tunnel having transporting means such as a 
conveyor has ttie advantage of acconq)Iishing mass production at low cost 

Coating and laminating as used herein have been and are used interchangeably. 
The low density polyethylenes used herein as coatings or laminates include those 
10 polyethylenes that have highly branched and widely placed chains. Such branched chain 

polyethylenes are typically charactaized as having densities of about 0.910 to about 0.925 
g/cm\ crystallinities of about 50-60%, and melting points (Jj^ in the range of about 
lOCC to about 1 10"C (about 212°F to about 230''F). 

Low density polyethylenes can be pr^iared by convcaitional meOiods. For 
1 5 example, such polyethylenes can be prepared by polymerization in a free-radical-initiated 

liquid phase reaction at about 1500 atm (22,000 psi) and about 375 "F, with oxygen as a 
catalyst (usually from peroxides). V2Q>or phase techniques are also used by polyethylene 
manufBcturers. These use pressures of only about 100 to about 300 psi at less ±an about 
212'*F. 

20 A preferred low density polyethylene is PE 45 1 7 sold by Chevron Chemical 

Company. PE 45 17 is a low density poly^ylene«ctnision coating resin. It has a melt 
index of 5.0 gms/10 min. (ASTM test method D1238-62T), and a daisity of 0.923 g/cc 
(ASTM test method D1505-60T). 



Modified low density polyethylenes include the aforementioned low density 
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polyethylenes blended with enough non-low density polyethylene, such as high dmsity 
polyethylene, to prevent laminates of the modified low density polyethylenes from 
foaming when fabricated cups are subjected to the foaming operation. For example, 
enough high density polyethylene must be present such that a laminate of modified low 

5 density polyethylene on the inside surface of the body member of a fabricated cup will not 

fi>am under conditions of about 240°F to about 270°F and a residence time of about 1 .5 to 
about 2.5 minutes, when the cup is subjected to the foaming operation in a forced hot-air 
oven. On Hoe other hand, enough low douity polyethyloie must be present in the blmd 
such that an effective seal is obtained between tiie body member and &e bottom panel 

10 member. An effective seal is one which provides an improved seal between the bottom 

panel monbo^ and the body member of a ci^ when fabricated at a speed of at least 165 
cups per minute for a 1 2 ounce ciq> by a HORAUF MODEL BMP-200 machine, made by 
Michael Horauf Maschinenfabrik GMBH AND Co KG, with temperature controls set at 
between about 350° to about 460°C and a bottom expansion pressure set at about 3000 

1 5 kilopascals for two revolutions per cup. 

Examples of blends suitable to meet the objectives of the invention include those 
containing approximately 90% low density polyethylene (10% high density polyeAylene), 
and those containing 10 % low doisity polyethylene (90% high density polyethylene). 
Such bloids have been found not to foam under conditions of about 240 "F to about 270°F 

20 and a residence time of about IJ to about 2.5 minutes, when the cup is subjected to the 

foaming operation in a forced hot-air ovoo, y^ can exhibit an unproved seal in a 12 ounce 
cup febricated at a speed of at least about 165 cups per minute by a HORAUF MODEL 
BMP-200 machine, made by Michael Horauf Maschinenfabrik GMBH AND Co KG, with 
temperature controls set at between about 350° to about 460 °C and a bottom expansion 

25 pressure set at about 3000 kilopascals for two revolutions per cup. 

The blends can also contain as little as about 2% to about 7% high density 
polyethylene, although about 10% high density polyethylotie is preferred. 
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Hig}i density polyethylenes as used herran include tiiose that have compazatively 
stndght or linear chains whidi are closely aligned. The physical pr(^>erties are much 
different ftom those of low density polyethylenes because of the increased dmsity. Such 
linear polyethylmes are typically characterized as having densities in the range of about 
5 0.941 to about 0.965 g/cm^, crystallinities typically characterized in the range of about 

90%, and melting points (Tpj^ in tiie range of about 128°C to about 135 °C (about 236 °F 
to about 275 "F). 

High density polydhyleaes can be prepared by conventional me&ods such as 
polymerizing e&ylene using Ziegler catalysts at from about 1 to about 100 atm (15 to 1500 
10 psi) at from room temperature to about 200"?. 



A preferred high density polyethylene is M3020P, formally "M2004-P", sold by 
Eastman Chemical Company. M3020P is a high density polyethylene which has a melt 
index of 9.5 gms/10 min. (ASTM test method D1238), and a density of .944 g/cc (ASTM 
test method D4883). M2004-P is a high density polyethylene which has a melt index of 
1 5 8.4 gms/10 mm. (ASTM test mrthod D1238), and a density of .945 g/cc (ASTM test 

method D4883). 



While not willing to be bound by theory, we beUeve that foanung of the low 
density polyethylene occurs on the outer surface layer of the container because v/ata, 
presrait in the pq>erboard, vaporizes at iqjproximately the same traiqteratute that low 

20 density polyethylene melts (e.g., approx. 105°C (221 °F)). The molten low density 

polyethyleae crystals then expand to form bubbles because of the water vapor pressure. 
High density polyethylene, on the other hand, has a much higher melting point (e.g., 
^jprox. 1 30 ° C (266 °F)) and is not sqjpreciably affected by water vs^r at the temp»3ture 
at which the water vaporizes (e.g.,:^iox. 105 "C (221 "F)). In choosing a low density 

25 polyethylene and a papa sheet, knowing the moisture content of the paper sheet, as well as 

fbe heat energy requned to melt a particular low doisity polyethylene, can be important. 
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A sfightly more complex mechanism explains why foaming is not observed when 
the aforementioned blends of low density and high density polyethylene are used - even 
when only a relatively small amount of high daisity polyethylene is blended with the low 
density polyethylene (relative to tiie amount of low density polyethylene). We believe that 
5 babble fonnadon is sa^pressed for those blends because of what we call nucleating effects. 
During extrusion coating a molten extrudate that is a low densi^/high density bl«id, the 
high density polyeHrylene component will aystallize first, forming solid particles which 
act as nucleating sites for low density polyethylene crystals. Small low density 
polyethylene ctystals are then formed by the high density polyethylene-induced nucleation 
10 process. When foammg in the oven the extruded low density/high density blend having 

these small low density polyethylene oystals tends not to foam when foaming the low 
density polyethylene on the outw surface layer of the container. 

Thus, while we have exemplified above high density polyethylene as a non-low 
density polyethylene to be blended with the low density polyethylene, other modifiers also 
15 could be used to prepare the modified low density polyethylene. Other polymers, and even 

inorganic components, may be used to provide the nucleating effects described above in 
connection with high density polyethylene. However, polymers are preferred over 
inorganic components. Accordingly, depending on flie low density polyethylene small 
ciystal forming abiUty of a particular modifier, suitable formulations can be prepared. 

20 Other polymers suitable to provide nucleating sites for low density polyethylene 

ciystals should have higher melting pomts than the low density polyethylene which is used 
such that they will ciystaUze at higher temperatures. Suitable other polymers can be 
selectedj'for example, fi'om the group including polypropylene^ poiy(ethylene 
terephthalates), polyesters, polystyrene, polyolefin claritying agents, paiticularly 

25 including sorbitol derivatives such as those descaibed in U.S. Patent Nos. 5,470,898, 

4,371,645 and 4,419,473, and polyamides such as nylons. See also U.S. Patent Nos. 
5,216,051, 4,845,137, 5,049,605 and 4,016,118. 
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Inorganic components suitable to provide nucleating sites for low density 
polyethylene crystals can be selected, for example, fiom the group including talcs, calcium 
carbonates, titamum dioxides, silicas, diatomacecms earth, kaolin and micas. 

The invention will be described further by way of the following examples. It 
should be understood, however that the invention is not limited to the specific details set 
forth in the examples. 

EXAMPLE 1 

Sidewalls for heat insulating papa cups were &bricated with their inside surfaces 
coated witii Chevron PE 4517 low density polyethylene blended with varying amounts of 
Eastman M2004-P high density polyethylene. For purposes of comparison, one sample 
was prepared using an inside coating of 100% Eastman M2004-P high density 
potyethylene, and one sample was prepared using an inside coating of 1 00% Chevron PE 
4517 low density polyethylene. The melting point for the polyethylene components 
present m each inside surface coating was detomined using differential scanning 
calorimetry (DSC). 

Each sidewall sample was heat treated for ^out 1 .5 minutes using a conventioiml 
production oven at 270 °F (132°C). The samples were then examined to determine 
whether foaming occurred on the inside sur&ce of the sidewall. 
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SAMPLE 


MilLliNvj rUlWl ( 


oUKrA<J>c rUAMiNvj/ 


100%HDPE 


131 


NO 


6W40%LDPE/EiDPE 


107/125 


NO 


70/30% LDPE/HDPE 


107/124 


NO 1 


80/20% LDPE/HDPE 


107/125 


NO 1 


90/10% IDPE/HDPE 


107/123 


NO 1 


1 100%LDPE 


110 


YES 1 



EXAMPLE 2 

The heat sealabilities were evaluated for 1 inch wide polyethylene coated paper 
10 board samples prepared according to Example 1. For each test, the coated side of a 

sidewall sample was placed in contact with a control bottomstock coated with Chevron 
4517 low doisity polyethylene, and a sea! was effected using a Sentinel Heat Sealo* 
Model No. 12ASL (serial no. 12-1120) available from Packaging Industries, Inc. of 
Hyannis, Massachusetts. One inch sealing bars covered with Teflon tape were used to 
15 effect the seals at a temperature of 300°F (MP^C) for the top and bottom bars; a jaw 

pressure of 40 psi; and a dwell time of 0.6 second. 

The strengths of the heat sealed samples were then tested using an Model 4202 
bistron Tensile Tester available from Instron Corp. of Canton, Massachusetts. Each 
sealed sample was peeled apart at a 180° angle at a crosshead speed of 1 inch per minute. 
20 The peeled sanq)lK were then inspected to determine whether the joint fruled to exceed 

the strength of the board (no fiber tear) or exceeded the strength of the board (Sber tear). 
A fiber tear was indicated by visible papetboard fibers on both peeled surfrices, and was 
indicative of an improved bond. This heat seal test is representsttive of effective 
substantially leak-free cup seals. 
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SAMPLE 


JriBllK IcAKoUNui 


100%HDPE 


NO 


60/40% LDPE/HDPE 


YES 


70/30% LDPE/HDPE 


YES 


80/20% LDPE/HDPE 


YES 


90/10% LDPE/HDPE 


YES 


100%LDPE 


YES 



Although the invention has been described above in terms of preferred 
embodiments, it is to be undo^ood that variations and modifications may be resorted to 

10 as will be ^parent to those skilled in the art. Such variations and modifications are to be 

considered within fht purview and scope of the claims fended hereto. For exanqjle, the 
specification refers to improved seals whidi can be obtained according to the invoition 
using materials effective to ob^ such seals. Whether an improved seal exists or can be 
obtained can be determined by fabricating a twelve ounce cup using a HORAUF MODEL 

15 BMP-200 machine^ with temperature controls set at between about 350 ° to about 460''C 

and a bottom expansion pressure set at about 3000 kilopascals for two revolutions per cup. 
This does not mean that the invention is limited to only twelve ounce cups or to cups 
made by the recited machine using the recited fabrication conditions. Furthermore, the 
invention is intended to cover all p^erboard containers having at least one foamed 

20 polyethylene surface (or a portion of the surface is foamed), whether or not they are 

"cups". Of course the containers or cups may also contain more than one foamed surface 
as welL Other possible modifications could include the use of hybrid polyethylenes such 
as the so-called "medium dmsity" polyethylmes (0.926 to 0.940 g/av? and Tp^k of about 
1 15°C) and "linear low density" polyethylenes (J^^ of about 121 to Ue'C). 
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WHAT IS CLAIMED IS: 

1 . A heat insulating paper contains prepared 6om: 

a) a paper body member having an inside surface and an outside surface, wherein the 
body member is coated or partially coated on the inside surface with a modified low 
density polyethylene and on the outside surface with a foamable low density 
polyethylene; and 

b) a paper bottom panel member having an upper surface and a bottom surface, wherein 
the bottom panel member is coated or partially coated on the upper surface with a low 
density polyethylene or a niodified low density polyethylene, 

wherein the body member and bottom panel member are oriented and joined to form a 
heat seal at an interface between a coated portion of the inside surface of the body 
member and a coated portion of the upper surface of the bottom panel member. 

2. The heat insulating p^er container of claim 1, wherein the modified low density 
polyethylene will not foam under conditions of about 240 °F to about 270 "F and a 
residence time of about 1.5 to about 2.5 minutes when the container is subjected to 
foaming operations in a forced hot-air oven. 

3 . The heat insulating paper container of claim 1 , wherein the outer surface of the body 
membar is entirely coated with the foamable low density polyethylene. 

4. The heat insulating paper container of claim 1 , wherein the inner surface of the body 
member is coated with the modified low density polyethylene, thereby providing an inner 
lining on the body member. 

5. The heat insulating paper container of claim 4, wherein the inner lining provides a seal to 
prevent the permeation of liquid contents into the body member during use. 

6. The heat insulating paper container of claim 4, wh^ein water is present in the body 
member and the bottom panel member prior to foaming of the container, and wherein the 
inner linmg prevoits the water present in the body memba: from evaporating directly into 
air atmosphere when the container is heated during a foaming operation. 

7. The heat insulating paper contamer of claim 1 , wherein the low density polyethylene on 
the outer surface of the body member is fix>m 25 to 60 ^m. 
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8. The heat insulating pqjer container of claim 1, wherein the low density polyethylene or 
modified low density polyethylene are present on the inner body mranber surface and 
inner bottom panel sur&ce in an amount sufficioit to prevent permeation of liquid 
through the respective members during use. 
5 9. The heat insulating paper container of claim 1 , wherein the body member is prepared 
from paper sheets comprising from about 3 % to about 10 % water. 

10. The heat insulating paper container of claim 1 , wherein the modified low density 
polyethylene is present and wherein the polyethylene is modified by blraiding with a 
suitable amount of high density polyethylene to prevent the blend from foaming when the 

1 0 containers are subjected to a foaming operation. 

1 1 . The heat insulating paper container of claim 10, wherein the blend conqmses from 
proximately 90 % low density polyethylene and 10 % high density polyethylene to 
approximately 10 % low d^ty polyethylene and 90 % high density polyethylene. 

12. The beat insulating paper contaioa- of claim 10, wheidn the bloid comprises fixnn 
1 S proximately 2 % to about 7% high density polyethylene. 

13. The heat insulating pq)er container of any one of claims 1-12, wherein the heat seal will 
notpeel^partatal80°angleatacrossheadspeedof 1 inch per nmnite when tested on a 
Model 4202 Instron Tensile Tester. 

14. The heat insulating paper container of any one of claims 1-12, whereinthe container is a 
20 cup. 

15. A method of making a heat insulating paper comprising the steps of: 

a) coating or partially coating an inside surface of a paper body member with a modified 
low density polyethylene and coating or partially coating an outside surface of the 
body member with a foamable low density polyethylene; and 
25 b) coating or partially coating an upper sur&ce of a bottom panel member with a low 
density polyethylene or a modified low density polyethylene, 
herein fiie body member and bottom panel member are oriented and joined to form a 
heat seal at an inter&ce between a coated portion of flie inside sui£ace of Ifae body 
member and a coated portion of the upper surfiace of the bottom panel member. 
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16. The method of claim 15, wherein the modified low density polydhylene on the inside 
surface of the body member will not foam under conditions of about 240 "F to about 270 
°F and a residence time of about 1.5 to about 2.5 minutes when the container is subjected 
to fbanung operations in a forced hot-air oven. 
5 17. The mdhod of claim 15, whoein the outer au&oe of tiie body member is oitirety coated 
with the low density polyethylene. 

1 8. The method of claim 15, whwein the inner surface of the body member is coated with the 
modified low density polyethylene, thereby providing an inner lining on the body 
member. 

10 19. The method of claim 1 8, wherein the inner lining provides a seal to prevent the 
penetration of liquid contents into the paper during use. 

20. The method of claim 1 8, wherein wato- is present in the body member and the bottom 
panel member prior to foaming of the container, and wherein the inner lining prevents the 
water present in the paper fiom evaporating directly into air atmosphere when the 

1 5 container is heated during a foaming operation. 

21 . The heat insulating paper container of claim 1 5, wherein the low density polyeQiyleDe on 
the outs: surfiace of the body member is fiom 25 to 60 pm. 

22. The heat insulating paper container of claim 15, wherein the low density polyethylene or 
modified low density polyefhjdene are present on the inner body member sur&ce and 

20 inner bottom panel surface in an amount sufScient to prevent permeation of liquid 
through tibe respective members during use. 

23. The heat insulating paper container of claim 15, prepared from paper sheets comprising 
from about 3 % to about 10 % water. 

24. The heat insulating paper container of claim 15, wherein the modified low density 
25 polyethylene is present and wherein the polyethylene is modified by blending with a 

suitable amount of high density polyethylene to prevent the blend bom foaming when the 
containers are subjected to a foaming operation. 
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25. The heat insulating papa: container of claim 24, wherein ihe blend comprises from 
approximately 90 % low density polyethylene and 10 % high density polyethylene to 10 
% low density polyethylene and 90 % high draisity polyeth^e&e. 

26. The heat insulating psper container of claim 24, wherein the blend comprises from about 
2 % to about 7% high density polyethylene. 

27. The heat insulating p^er container of any one of claims 1 5-26, wherein the heat seal will 
not peel apart at a 1 80 " angle at a ciosshead speed of 1 inch per minute when tested on a 
Model 4202 Instron Tensile Tester. 

28. The heat insulating paper container of any one of claims lS-26, whemn the container is a 
cup. 
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